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APPARATUS FOR ROLL FORMING PURLINS AND THE LIKE FROM 

A METAL STRIP 

Technical Field 

The present invention relates to an apparatus for 
roll forming purlins and the like from a metal strip. 
The invention can be implemented in the forming of purlin 
profiles of various sizes and material thicknesses in the 
same roll forming machine. 

In purlins and similar products used in construc- 
tion and industry, bendings are usually 90° basic bend- 
ings, but other bending angles are also applicable. 
Purlins with a U, C or Z profile are commonly used as 
steel construction elements. 
Background Art 

Prior art will be described below with reference 
to the accompanying drawings, in which: 
15 Fig. 1 is a top plan view of a conventional prior-art 
apparatus for roll forming purlins from a metal 
strip. 

Fig. 2 is a side view of a part of a prior-art roll 
forming apparatus, 
20 Fig. 3 is a cross-section of a purlin formed in the 
prior-art roll forming apparatus of Fig. 2, 
Fig. A shows how C or U purlins are being formed in 

a prior-art arrangement, and 
Fig. 5 shows how Z purlins are being formed in the 
prior-art arrangement of Fig. 4. 
Fig. 1 illustrates a known apparatus for roll form- 
ing purlins from a metal strip 1 of thin metal sheet. The 
metal strip 1 enters the roll former from the left (arrow 
A) , and a purlin 1 • formed from the strip 1 leaves the 
roll former to the right. The forming of the strip 1 in 
the roll former is illustrated by three cross-sections 
marked with braces in Fig. 1. m this case, the roll 
former comprises two sets of rollers, the first set 2 
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bending the two outermost edges of the purlin 1' to 90° 
(= the outermost corners inwards by 90°) . 

After this, the second set of rollers 3 of the roll 
former bends the innermost sides of the purlin 1' to 90° 
(= the innermost corners inwards by 90°) . The finished U 
or C profiled purlin 1' will leave the roll former to the 
right. 

Fig. 2 shows the design of sets of freely rotatable 
or idling rollers in a prior-art roll former, and Fig. 3 
shows the cross-section of the purlin 1'. In Fig. 2, the 
set of rollers of the roll former comprises rollers' 5-12 
rotatably mounted on a frame 4 . The operation of the roll 
former is based on the fact that, as the horizontal and 
schematically shown metal strip 1 is fed into the set of 
rollers 5-12 from the left, it will first reach the 
roller 5, which makes the first bending of the strip 1. 
Subsequently, the strip 1 reaches the following roller's, 
which in turn bends the strip 1 slightly more. Each fol- 
lowing roller 7-11 in the set of rollers will bend the 
strip 1 slightly more, until the final roller 12 bends 
the strip 1 in a desired final 90° angle (cf. Fig. 3). 

There are a number of previously known roll forming 
machines for manufacturing D or C purlins. There are also 
various known roll forming machines for Z purlins. In 
this case, the bendings in the roll forming line must be 
feasible not only upwards but also downwards. Figs 9A-9E 
of US Patent No. 4,716,754 to Youngs, for instance, illu- 
strate a known solution for forming Z purlins. As to the 
background art, US Patent No. 4,787,232 to Hayes should 
also be mentioned, which discloses a roll former for the 
manufacture of purlins of various profiles. 

The degree of difficulty is increased by the fact 
that U, C and also Z purlins need to be manufactured in 
the same roll forming line. Commonly available solutions 
to this problem have been based on changing of the indi- 
vidual rollers or frame members, such as rafts or cas- 
settes, on which the sets of rollers are already mounted. 
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Such changes are laborious and require skilful operators, 
and special lifting equipment is needed. 

Fig. 4 shows a prior-art roll forming arrangement as 
C or U purlins are being formed. This known arrangement 
5 comprises a left-hand and a right-hand roll forming block 
13, 17, respectively, drive rollers 14, 18 and sets of 
rotatable rollers 15, 16, 19. The illustrated prior-art 
solution can be used to form the metal strip 20 into C or 
U purlins in the normal state. 
10 Fig. 5 illustrates the prior-art roll forming ar- 

rangement of Fig. 4 as Z purlins are being formed. When 
Z purlins are being formed, the left-hand roll forming 
block 13 has been lifted vertically upwards (arrow B) 
relative to the right-hand roll forming block 17 which 
15 normally is stationary. The metal strip 21 to be formed 
will now be differently positioned relative to the drive 
rollers 14, 18 and to the rotatable rollers 15, 19. In 
addition, lifting the entire forming block 17 will 
require separate, complex and heavy-duty lifting equip- 
20 ment. The illustrated prior-art solution will form Z 
purlins in this state. 

The prior-art solution illustrated in Figs 4-5 has 
the drawback of a complex design, involving up to three 
shafts. On top of that, the lifting of the entire form- 
25 ing block 13 is extremely awkward. 

The arrangement shown in Figs 4-5 is described in 
an article by Karl D. Forth entitled "Split-level roll 
former speeds changeover" issued in February 1996. These 
known roll formers are marketed by the US company 
30 Bradbury Co. 

In a further known solution, the pair of rollers 
turns 180* about its forming centre. The rotating shafts 
require high accuracy of manufacture and advanced equip- 
ment, by means of which the rotation is controlled and 
35 blocked (cf. US Patent No. 4,787,232 to Hayes) . 
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Summary of the Invention 

The purpose of the present invention is to provide 
an improved apparatus for roll forming purlins or the 
like from a. metal strip, which enables the problems above 
5 to be resolved and the drawbacks to be eliminated. This 
is achieved by an apparatus according to the invention, 
which has the features of appended claim 1, preferred 
embodiments being defined in the subclaims. 

The improved apparatus of the invention has several 
10 advantages. Thanks to the new and unique arrangement of 
the rollers, and the structure and adjustment of the 
same, a very effective manufacture of purlins can be 
accomplished- The movement of the strip bending rollers 
is achieved in a simple but ingenious way. 
15 The roll forming apparatus of the invention has the 

advantage of being operational and of having a straight- 
forward design. In addition, by the invention, the bend- 
ing is performed with such rollers that tend to reduce 
friction during forming. The invention involves simple 
20 adjustment of the material thickness both in the horizon- 
tal and in the vertical direction. 

In accordance with the invention, roll forming and 
prepunching of purlins can take place in the same inte- 
grated line, and bendings of various sizes and in various 
25 directions (upwards and downwards bending) are automati- 
cally performed. 

A preferred embodiment involves the further advan- 
tage of performing the forming with idle rollers, so that 
there will not be high friction caused by difference of 
30 speed against the metal strip to be formed. 
Brief Description of the Drawings 

The invention will be described in greater detail 
below with reference to the accompanying schematic draw- 
ings, which, by way of example, illustrate preferred 
35 embodiments and in which: 

Fig. 1 shows from above a prior-art apparatus for roll 
forming purlins from a metal strip. 
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Fig. 2 shows a part of a prior-art roll forming appara- 
tus from the side, 
Fig. 3 shows a cross-section of a purlin formed in the 
prior-art roll forming apparatus of Fig. 2, 
5 Fig. 4 shows how C or U purlins are being formed in a 
prior-art arrangement. 
Fig. 5 shows how Z purlins are being formed in the 

prior-art arrangement of Fig. 4, 
Fig. 6 shows the structure of an individual roller in a 
roll forming apparatus according to a first embo- 
diment of the invention, 
Fig. 7 shows from the side an assembly of the freely 
rotatable rollers in a roll forming apparatus 
according to the first embodiment, 
15 Fig. 8 shows a cross-section of a purlin formed in the 
roller assembly of Fig. 7, 
Fig. 9 shows how a U purlin is being formed in the appa- 
ratus of the first embodiment. 
Fig. 10 shows how a Z purlin is being formed in the appa- 
20 ratus of the first embodiment. 

Fig. 11 shows from the side an assembly of the freely 
rotatable rollers in a roll forming apparatus 
according to a second embodiment of the inven- 
tion, 

25 Fig. 12 shows a modified roller and its means for adjust- 
ment according to the second embodiment. 
Fig. 13 shows, on a larger scale, adjustment of the roll 
forming apparatus of the invention according to 
the thickness of the metal strip to be formed. 
2° Detailed Description of Preferred Embodiments 

Figs 1-5 have been explained above. The invention 
will be described below with reference to Figs 6-10 illu- 
strating the first embodiment of the invention. 

Fig. 6 shows the functional structure of the roll 
forming apparatus of the invention, which comprises an 
upper drive roller 22, which is attached to a driving 
upper shaft 23, and a lower drive roller 24, respective- 



35 



Printed from Mimosa 



PCT/IB97/01571 



10 



ly, which is attached to a driving lower shaft 25. The 
drive rollers 22, 24 are referred to as main rollers, 
between which a strip 27 of thin metal sheet is clamped 
and fed along the roll former. 

In addition, the roll forming apparatus comprises 
a symmetrically shaped set of forming rollers including 
freely rotatable or idle rollers 26 which bend or form 
the strip 27. The forming roller 26 has an upper frusto- 
conical part and a lower f rustoconical part, and the 
inclined, circumferential surfaces of these parts bend 
the strip 37. The two parts are spaced apart and are 
connected by a rod. By shifting the entire set of rollers 
slightly upwards or downwards, one may choose whether a U 
or C profile purlin or alternatively a Z profile purlin 
15 is produced. 

Fig, 7 shows the design of the idling sets of form- 
ing rollers of the roll former of the invention. In the 
Figure, a set of rollers, which are rotatably mounted 
on a central frame 28, comprises rollers 29-36. These 
rollers 29-36 are disposed symmetrically on both sides of 
the frame 28. By shifting the entire frame 28 including 
the rollers 29-36 slightly upwards or downwards, one may 
choose whether a U or a C profile purlin or alternatively 
a Z profile purlin is produced. 
25 The operation of the inventive roll former is based 

on the fact that, as the horizontal metal strip 27 (sche- 
matically shown in Fig. 7) is fed into the set of rollers 
29-36 from the left, it will first reach the roller 29, 
which bends the strip 27 slightly. The bending direction 
of the strip 27 depends on whether the set of rollers 
29-36 is in the upper position or the lower position. 
Subsequently, the metal strip 27 reaches the following 
roller 30, which in turn bends the strip 27 slightly 
more. Each further roller 31-35 in the set of rollers 
35 will bend the metal strip slightly more, until the final 
roller 36 in the set of rollers bends the strip 27 in a 
90** angle (cf , Fig. 8) . 
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Fig. 9 illustrates a part of the roll former of the 
invention as U purlins are being formed. In the Figure, 
the metal strip to be formed has the reference 37, The 
roll former comprises a first or left-hand frame element 
5 60 including an upper drive roller 38 and a lower drive 
roller 39, and also a set of idle strip forming rollers 
40- In addition, the roll former comprises a second or 
right-hand frame element 70 including an upper drive 
roller 41 and a lower drive roller 42, and also a set of 

10 idle rollers 43 for bending the strip 37. The drive 

rollers 38, 39, 41, 42 are referred to as main rollers 
for clamping and feeding the strip 37. The roll former 
also comprises sets of adjusting means, each including an 
upper member 44 connected to the shaft 4 6 of the upper 

15 drive roller 41, and a lower member 45 adjacent to the 

shaft 47 of the lower drive roller 42. As is schematical- 
ly shown at 48 and as will be further described below, 
the adjustment members 44 and 45 are mechanically inter- 
connected. 

20 The rollers 38, 41 and 39, 42, respectively, can be 

mechanically connected, as is schematically shown at 4 9 
and 50. This connection is, however, optional. 

Fig. 10 shows a part of the roll former of the in- 
vention as Z purlins are being formed. References 37-50 

25 in Fig. 10 are the same as in Fig, 9. In Fig. 10, the set 
of so-called side rollers 4 3 has been displaced over a 
distance Ah into a second upper position, whereby one 
edge portion of the metal strip 37 is bent downwards and 
a Z profile is provided. The displacement is very small, 

30 and it is performed, for instance, by means of a hydrau- 
lic system known per se (not shown) . 

By means of the invention, the choice between 
upwards bending and downwards bending is made by lift- 
ing or lowering, in the vertical plane, the bending, 

35 idling rollers 26, 29 to 36, 43 with the aid of the 

adjusting means 44, 45. The main rollers 22, 24, 38, 39, 
41, 42 feed the metal strip 27, 37. The idling rollers 
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26, 29 to 36, 43 perform the actual bending together with 
the driving main rollers 22, 24, 38, 39, 41, 42. The gap 
or nip between the main rollers 22, 24, 38, 39, 41, 42 
is varied depending on the material thickness by lifting 
5 or lowering the upper shaft 23, 4 6 with the aid of the 
adjusting member 44. The side rollers 43 can be adjust- 
ed according to the material thickness by moving these 
rollers with the aid of the adjusting member 45. 

A second, presently preferred, embodiment of the 

10 apparatus of the invention is shown in Figs 11-12. 

Fig. 11 corresponds to Fig. 7 and shows two spaced-apart 
frame members 80, 81 having a number of rods 82, on which 
idle strip bending rollers 29 '-36' are rotatably mounted. 
These rollers 29' -36' correspond to the rollers 29-36 of 

15 Fig. 7, but in this embodiment, the two parts of the 
rollers 29' -36' are not spaced apart. Instead, the two 
parts of each roller 26 '-36' are directly connected to 
each other. Preferably, each roller 29 '-36* is a one- 
piece component, which reduces the cost of the same and 

20 makes the mounting in the frame 51, 52 simpler. 

The forming of the metal strip 37 is performed in 
the same way in the apparatus shown in Fig. 11 as in 
Fig. 7. The profile of the resulting purlin is the same 
in both cases (cf. Fig. 8). 

25 Fig. 12 corresponds to Figs 9-10 and shows more in 

detail a modified strip forming roller 43' as well as the 
mechanical connection between the upper adjustment member 

44 and the lower adjustment member 45. The upper adjust- 
ment member 44 comprises a bearing box 51 mounted on the 

30 upper shaft 4 6, and a power unit 52 connected to the 

bearing box 51 by a rod or the like, in this embodiment 
a guide screw 53. A vertical connecting rod 48 is coupled 
between the bearing box 51 and the lower adjustment means 

45 which comprises a horizontal rod 54 connected to a 
35 member 55 supporting the rotatable forming roller 43'. 

The supporting member 55, and thus the forming roller 
43', is vertically adjustable by means of a power unit 56 
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which is schematically shown. The connection between the 
vertical rod 48 and the horizontal rod 54, at the "cor- 
ner" 57, comprises two inclined cam surfaces. 

For adjustment, the upper power unit 52 is activat- 
5 ed and moves the upper shaft 4 6 via the screw 53 and the 
bearing box 51. At the same time, the vertical rod 48 is 
vertically moved (arrow C) , which in turn moves the hori- 
zontal rod 54 horizontally (arrow D) due to the cam sur- 
faces at the corner 57, By this movement, and by vertical 

10 movement caused by the lower power unit 56, the support- 
ing member 55 and thereby the forming roller are moved 
(arrow E) in accordance with the desired bending of the 
strip (which is not shown in Fig. 12). In practice, very 
good results have been achieved by this adjustment sys- 

15 tem. 

Fig. 13 illustrates a preferred adjustment of the 
roll forming apparatus of the invention according to the 
thickness of the metal strip to be formed. Fig. 13 shows 
the strip 37, the upper drive roller 41 and the lower. 

20 drive roller 42, and also an idle side roller 43. During 
the bending process, the strip 37 bends around the upper 
drive roller 41, and the bent strip 37 will have an inner 
radius depending on the rounding of the upper drive 
roller 41, regardless of the thickness of the strip 37. 

25 Accordingly, the outer radius of the bent strip 37 will 
be the sum of the inner radius and the thickness of the 
strip 37, r^ + S2 in Fig. 13, 

According to one aspect of the invention, the gap 
between the main rollers 22, 24, 38, 39, 41, 42 is varied 

30 according to the material thickness of the metal strip 37 
by lifting or lowering the upper shaft 23 with the aid of 
the adjusting member 44. In Fig. 13, the strip 37 hav- 
ing a thickness sj is being formed. When the manufacture 
switches from a strip 37 with a thickness sj to a thinner 

35 strip 37 with a thickness the upper drive roller 41 
is lowered by means of the adjusting member 44 over a 
distance As ^ si~S2' Accordingly, when the manufacture 
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switches from a strip 37 with a thickness S2 to a thicker 
strip 37 with a thickness s^, the upper drive roller 41 
is lifted with the aid of the adjustment member 44 up- 
wards over a distance As - 5l~'S2. 
5 The overall adjustment of the side rollers 43 is 

performed by moving these rollers 4 3 by means of the 
adjusting member 4 5. When the idle side roller 43 is 
shifted from a first operating point F to a second ope- 
rating point G of the thinner strip 37, the side roller 

10 43 has to be transferred horizontally over a distance 
X = sina-As, depending on a bending angle a. According- 
ly, in the vertical direction, the displacement of the 
side roller 43 relative to the upper drive roller 41 is 
y = cosa-As. Since the upper drive roller 41 is lowered, 

15 the factual adjustment of the side roller 43 in the hori- 
zontal direction is y = (l-cosa)-As. When the set of side 
rollers 43 is being moved with the aid of the adjusting 
member 45, the changes of the bending angle a are taken 
into account at various points along the forming line. 

20 The bendings performed by the roll former of the 

invention are usually 90** basic bendings, but other bend- 
ing angles are also feasible. The apparatus of the inven- 
tion can be used for manufacturing, for instance, steel 
construction purlins. Beside the applications above, the 

25 shifting from upward bending to downward bending in 

accordance with the invention can be applied to several 
profiles of other types, including also more complex pro- 
files than described herein. 

In a modification, the forming rollers may be indi- 

30 vidually adjustable in the vertical and in several posi- 
tions between the two operating points mentioned above. 
Preferably, the forming rollers are idle, but in specific 
applications some of them may be driven as well. 
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CLAIMS 

1. An apparatus for roll forming purlins and the 
5 like from a metal strip (27, 37), comprising 

- a left-side frame element (60) having an upper 
drive roller (38) and a lower drive roller (39), and a 
set of strip forming rollers (40), 

- a right-side frame element (70) having an upper 
10 drive roller (22, 41) and a lower drive roller (24, 42) 

and a set of strip forming rollers (26, 29-36, 43; 43*), 
and 

- sets of adjusting means (4 4, 45) such that 

- the choice between upward bending and downward 
15 bending of the strip (27, 37) is made by lifting or 

lowering the forming rollers (26, 29-36, 43; 43') ver- 
tically, 

- the drive rollers (22, 24, 38, 39, 41, 42) clamp- 
ing and feeding the metal strip (27, 37), and 

20 - the forming rollers (26, 29-36, 43; 43') perform- 

ing the actual bending together with the drive rollers 
(22, 24, 38, 39, 41, 42). 

2. An apparatus as claimed in claim 1, wherein the 
forming rollers (26, 29-36, 43; 43') are lifted or lower- 

25 ed vertically by means of said adjusting means (44, 45). 

3. An apparatus as claimed in claim 1 or 2, where- 
in the forming rollers (26, 29-36, 43; 43') are idle 
rollers, 

4. An apparatus as claimed in claim 1, 2 or 3, 

30 wherein the gap between the drive rollers (22, 24, 38, 

39, 41, 42) is varied depending on the material thickness 
of the strip (27, 37) by lifting or lowering an upper 
shaft (23)/ which supports a drive roller (22), with the 
aid of said adjusting means (44, 45) . 

35 5. An apparatus as claimed in claim 4, wherein, when 

the manufacture switches from a metal strip (27, 37) hav- 
ing a thickness (s^) to a thinner metal strip (27, 37) 
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having a thickness {S2) , the upper drive roller (41) is 
lowered by means of the adjusting means (44, 45) down- 
wards over a distance As = si-S2- 

6. An apparatus as claimed in claim 4, wherein, when 
5 the manufacture switches from a metal strip {21, 37) hav- 
ing a thickness (S2) to a thicker metal strip (27, 37) 
having a thickness (s^), the upper drive roller (41) is 
lifted with the aid of said adjusting means (44, 45) up- 
wards over a distance As = si-S2. 

10 7. An apparatus as claimed in any one of the preced- 

ing claims, wherein the forming rollers (43) are adjusted 
in accordance with the material thickness of the strip 
(27, 37) by moving the set of forming rollers (43) with 
the aid of said adjusting means (44, 45) . 

15 8. An apparatus as claimed in claim 7, wherein, when 

each forming roller (43) is adjusted from a first ope- 
rating point (F) to a second operating point (G) of the 
thinner strip (27), the bending roller (43) is shifted 
horizontally x = sina-As and vertically y = (l-cosa)'As. 

20 9. An apparatus as claimed in claim 7 or 8, wherein, 

when the set of forming rollers (43) is being moved, the 
changes of bending angle (a) are taken into account at 
various points along the forming line. 

10. An apparatus as claimed in any one of the pre- 

25 ceding claims, wherein the apparatus is used to manufac- 
ture steel construction purlins. 
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